Dietary intervention is an enticing approach in the fight against cognitive impairment. Nutritional supplements and dietetic counseling are relatively easy and benign interventions, but research has not yet yielded irrefutable evidence as to their clinical utility. Heterogeneity in the results of available clinical studies, as well as methodological and practical issues, does not allow replication and generalization of findings. The paper at hand reviews only randomized clinical trials of single nutrients, multi-nutrient formulations and dietary counseling in mild cognitive impairment and dementia of the Alzheimer's type focusing on both cognitive and functional outcomes. Thus far, folate, vitamin E, Ω-3 fatty acids, and certain multi-nutrient formulations have shown some preliminary promising results; larger, well-designed trials are needed to confirm these findings before nutritional elements can be incorporated in recommended clinical guidelines.
Introduction
Dementia is almost always relentless, irreversible, and incapacitating for the patient, as well as having an equally burdensome impact on the patient's social surroundings. Dementia is projected to be a top public health, social, and fiscal concern in the decades to come, as the positive effect of enhanced preventive strategies and public awareness may be offset by global population growth -driven mainly by its increase in low-income countriesand by population aging in the "developed" world.
Evolution of pharmaceutical treatments is costly and requires extensive funding. Additionally, it has been proven to be an extremely challenging task. In contrast, prevention strategies are a lower-cost approach and can be implemented on a larger scale. Nutrition ranks very highly among such strategies and it has the added benefit of being acceptable by the majority of the public as more "benign" and potentially free of side effects.
Nutritional preventive measures range from supplementation of the everyday diet with specific nutrients, to changes of dietary habits (ie, enrichment with or avoidance of certain food groups/beverages) to compliance with whole dietary patterns. Evidence for the importance of nutrition in cognitive function as a lifelong modifiable factor arises from animal models, observational studies, and clinical trials. Longitudinal studies account for the bulk of available data on the relationship between nutrition and cognition, but they are commonly observational. Additionally, many of them focus mostly on cognitively normal elderly adults, examining nutrition as a preventive measure of future cognitive decline, with relatively
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fewer investigating potential associations with prognosis in already cognitively impaired populations.
1 Beyond observational studies, clinical trials of dietary interventions as a treatment for cognitive impairment are scarce. However, they are instrumental in shaping the clinicians' opinion on the potential of nutrition to be considered in the therapeutic armamentarium. The paper at hand is an attempt to review and summarize selected high-level scientific evidence on the topic of dietary interventions towards combating established cognitive dysfunction.
Method
Literature on dietary treatment for neurodegenerative disorders other than Alzheimer disease (AD) and its prodromal stage, mild cognitive impairment (MCI), is quite limited. There is some evidence on the role of dietary intervention in cognitive symptoms after stroke or coinciding with diseases increasing vascular risk (eg, diabetes mellitus), but the anticipated complex interplay between degenerative, inflammatory, and vascular mechanisms might prevent any attempt to coalesce data into meaningful conclusions. We therefore decided to focus on cognitive impairment due to clinically suspected underlying AD pathological changes.
A large part of published data in the field comes from observational and retrospective studies; we opted to restrict our search to controlled clinical trials reported in English, with an initial sample of at least 50 subjects with MCI or AD and an intervention spanning at least 24 weeks in duration, as neurodegenerative processes evolve slowly and nutritional treatment effects are expected to be low in magnitude. In order to collect evidence with as high practical value as possible, we encompassed only trials with clinical, neuropsychological, or functional end points and not biochemical or neuroimaging changes, as correlation of such changes with everyday outcomes is often indistinct. No limit was imposed on publication year.
We included in our search all types of intervention (eg, ingestion of a certain nutrient/food as well as dietary counseling/training and adherence to a certain diet). Nutritional intervention as both single and "add-on" treatment was accepted. Only therapeutic attempts related to chemical compounds found in food were included, eg, vitamins, minerals, antioxidants as well as whole foods/food groups. "herbal remedies," or other supplements that are not part of routine diet (eg, gingko biloba) were excluded.
Relevant literature was identified through the PubMed search engine in October 2018; the list of located papers is by no means exhaustive, even though every effort was made toward that end. When the results of a specific trial were reported in more than one paper, we focused on the seminal publication or the one discussing outcomes of a more clinical/neuropsychological nature.
Results
Scientific papers fulfilling the criteria outlined above are presented in Tables Ia and Ib in detail. The earliest identified papers date back as far as 1991, albeit in recent years larger and better designed studies have emerged.
Almost all identified randomized controlled trials (RCTs) were double-blind and compared an intervention against a placebo group; eighteen trials tested the therapeutic effect of nutrition on (usually mild-to-moderate) AD and ten on MCI. Diagnosis was established according to various sets of international criteria, although in some studies diagnostic methodology and baseline sample characteristics are not clearly presented. About half of the studies involved a single micronutrient and the rest a micronutrient combination. We did not detect any RCTs with the aforementioned characteristics on the effect of trace elements, vitamin D, coenzyme Q10, curcumin, caffeine, olive oil, whole foods, food groups, or whole diets on cognitive impairment.
A summary of the main findings of the studies by intervention category

B vitamins
B vitamins are usually studied as a complex related mainly to energy production in neurons and lowering of homocysteine levels. The B-complex has been studied in MCI in two RCTs. A study from the United Kingdom reported cognitive improvement mainly in those with high baseline homocysteine 2 ; further analysis showed an interaction with baseline Ω-3 fatty acid plasma concentrations: only those with higher initial Ω-3 levels benefited from B vitamin supplementation.
3 A Dutch study examined a possible effect in quality of life (QoL) and reported essen-
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tially no change. 4 In AD there is one study in subjects with mild-to-moderate AD (and normal baseline vitamin B12 and folate levels) that did not find any effect 5 ; oddly, depression was more common in the active treatment group.
Folate has been studied as a solitary intervention: cognitive improvement in general intelligence, attention span, and visuospatial metrics within 6 months has been reported in MCI 6 ; two studies on patients with AD under acetyl-cholinesterase inhibitors (AChEI) reported either an increase in Mini-Mental State Examination (MMSE) with no change in Activities of Daily Living (ADL) 7 or the exact opposite result regarding MMSE and ADL. 
Antioxidants
Chemical compounds characterized as antioxidants are a diverse group. Vitamins C and E were studied in a simple study in subjects with MCI for 1 year 9 ; no difference in MMSE was noted.
Vitamin E has been studied extensively. One study in AD concluded that vitamin E resulted in an MMSE increase in subjects who "responded" to it (ie, showed reduced glutathione oxidation -a marker of oxidative stress), but could even be detrimental in "non-responders."
10 Vitamin E has also been studied against active comparators: in a large study against donepezil for 3 years in subjects with amnestic MCI, 11 time to progression to AD was not different in either treatment group compared with placebo, even though vitamin E exerted a positive effect on language and overall cognition in the first half of the study period. Two other large studies examined the effect of vitamin E on progression rate in AD against placebo and memantine 12 or selegiline 13 for up to 4 years and showed slower functional decline with focus on the ADL, even though no effect was observed on cognitive measures.
Other potential antioxidants studied in AD include soy isoflavones 14 (patients that metabolize them effectively might show modest cognitive improvement), acetyl-Lcarnitine 15, 16 (contradictory results) and resveratrol 17 (no clinically meaningful benefit in secondary outcomes related to cognition).
Ω-3 fatty acids
Ω-3 fatty acids are credited with anti-inflammatory and neuroprotective properties. Three studies from China 18, 19 and Australia 20 reported positive cognitive outcomes in subjects with MCI. Two studies were conducted in mild to moderate AD: one Swedish study showed a small benefit only in the population with very mild cognitive dysfunction (slower decline) 21 ; less agitation was reported in APOE-ε4 carriers and a lower depression score in non-APOE-ε4 carriers in the same study. 22 Another study from the United States reported improved cognitive metrics only in non-APOE-ε4 carriers 23 (APOE: apolipoprotein E).
Phosphatidylserine
Phosphatidylserine, a component of cell membranes, has been studied in two diverse populations: a somewhat poorly designed study in people with at least moderate cognitive decline 24 reported cognitive benefits, while another study in mild to moderate AD 25 that evaluated phosphatidylserine plus cognitive training as part of a multidomain intervention reported only transient cognitive amelioration.
Multi-nutrient formulations
Two distinct multi-nutrient formulations have failed to yield positive cognitive effects: one trial enrolled subjects that were normal or diagnosed with MCI 26 and another one patients with AD and normal baseline vitamin B12 and folate levels. 27 Other relatively large studies examined the effect of a patented formulation called Fortasyn Connect. In subjects with MCI, 28 no change in a composite neuropsychological score was proven; nonetheless subjects with higher baseline MMSE showed some clinical benefit in the form of Clinical Dementia Rating (CDR) stabilization. One study in drug-naïve patients with mild AD showed improvement in a memory composite score 29 persisting during an open-label, 24-week extension, 30 while in patients with mild-to-moderate AD under standard treatment no cognitive effect was shown.
31 This formulation has also been shown to increase the body mass index (BMI) of patients with mild AD and improve everyday function in those with lower baseline BMI. 32 The safety profile was favorable.
Dietary counseling
One study aimed to identify functional and cognitive benefits of dietary counseling provided to AD patients' physicians and caregivers and failed to show any change; nonetheless the risk of malnutrition was reduced. 
Discussion
Given the body of evidence briefly delineated above, no firm guidance or even recommendation can be offered about any of the proposed dietary interventions for cognitive dysfunction. Indeed, several high-quality systematic reviews and meta-analyses found no or insufficient evidence of benefit. [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] Be that as it may, folate, vitamin E, Ω-3 fatty acids, and certain multi-nutrient formulations appear to be the best nutritional candidates for further investigation of potential efficacy in MCI or mild AD. The verdict is still open, as in many cases similar studies result in inconsistent results or a newer study does not replicate the findings of a previous one. The complex and -to a certain extent-unclear, still debatable pathophysiological mechanisms of cognitive dysfunction in AD may be among the main reasons for conflicting results. There are also multiple methodological and practical issues possibly Each publication is identified by its first author and year of publication; if it was part of a broader clinical program or is known by an acronym they are also noted. The level of available information on the studied population differs; every effort was made to provide a short, but meaningful delineation. All presented studies are double-blind RCTs, unless stated otherwise. When reported, the set of criteria used to diagnose patients is presented, together with the main standardized neuropsychological tools that were used for diagnostic classification (in parentheses). When the primary outcome of a trial was not clinical, neuropsychological, or functional, it is omitted and clinical/neuropsychological/functional secondary outcomes are presented; the study is categorized as positive/indeterminate/negative (+/±/−) based on the main and secondary findings in the cognitive and functional domains. 
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preventing ascertainment of small treatment effects and generalization of findings.
A main observation involves the significant differences in diagnostic methodology, set or version of diagnostic criteria used, and dementia stage classification across studies.
In virtually all cases, diagnosis and staging were mostly clinical, with limited use of objective AD neuroimaging/ neurochemical biomarkers. Heterogeneous (communitydwelling elderly, memory clinic outpatients, participants in day care programs, residents of institutions, etc) and ethnically diverse populations were studied. These issues hinder generalization of findings.
Regarding study design, we noted generally small sample sizes and perhaps not long enough duration of the interventions, sometimes accompanied by high dropout rates. Neurodegeneration evolves very slowly, so treatment effects can be expected to be modest at best; large samples and sufficient follow-up are needed to ascertain clinically and statistically important differences (to place findings from this literature in perspective, many novel drug trials in this population exceed a sample size of 2000 participants and, in several cases, last for as long as 2 years). 45 In some trials, biochemical, neurochemical, or neuroimaging parameters were selected as primary outcomes; such trials may not be adequately powered to reveal subtle differences that may exist in secondary cognitive and functional outcomes, which we consider more relevant in everyday clinical practice. To further complicate matters, some of the findings we report here were derived from post hoc analyses. Moreover, in some studies with relatively short follow-up periods and consequently frequent visits, apparent stabilization in neuropsychological scores might be the result of a learning effect that keeps differences under the statistical significance threshold. Various cognitive assessment tools and functional scales were used as outcome measures; some of them may have not been sensitive enough to detect small changes of mental/functional capacity or QoL in the population with mildly affected cognition. Daily variation of cognition is probably larger than nutritional treatment effects, thereby potentially rendering cognitive tests insensitive to them.
Studying patients with overt dementia may prevent unveiling of the beneficial effect of a nutrient, as the neuropathologic process may already have been so advanced that all available intervention may be futile. Despite that, positive results were not more common in studies on MCI than on AD, highlighting perhaps the utility of applying our intervention at an even more prodromal stage of neurodegeneration, if possible.
Great variability was noted in supplement dosage and duration of administration; different chemical compounds were often used for a certain vitamin. Furthermore, results may have been confounded by previous dietary habits or concurrent intake of the studied nutrient in food. In some studies, olive/corn oil were used as placebo, although they contain unsaturated fatty acids that may exert positive effects on cognition. 46 In certain Western countries, folic acid fortification programs may complicate detection of a
relationship between folate status and cognitive impairment. Also, most studies do not report baseline vitamin levels, which may influence the effect of supplemented vitamins on cognition, ie, deficient individuals might show greater benefit. Moreover, in many studies, data on concomitant use of drugs commonly prescribed for AD were not provided. These issues, in addition to the omnipresent risk of publication bias (which is commonly more of a concern for studies of relatively smaller size and power), make interpretation of the results much harder.
It seems reasonable to expect that multi-nutrient formulations may be more potent; conversely, multi-nutrient or whole-diet interventions do not allow identification of the specific action of each component with a possibility of unidentified synergistic, neutral, or even antagonistic effects between them. Theoretically, such interventions might be easier and less expensive, as they do not entail any manufacturing costs, but only advice/counseling and close follow-up of the subjects' compliance. It should be noted, though, that RCTs (with the characteristics we specified in "Methods") studying whole foods or diets as treatment for cognitive impairment have not been identified; perhaps the scientific community opts for simpler, straightforward experimental designs or the practical difficulties of implementing such a trial in the elderly population with cognitive dysfunction are hard to overcome. Nonetheless, the existing body of evidence for the potential preventive benefits of the Mediterranean diet, in particular, against cognitive impairment in normal cohorts is substantial; data originating from both RCTs [PREDIMED (on subjects at high cardiovascular risk)] 47 and observational studies [48] [49] [50] show reduction in the rate and risk of cognitive decline. More data are certainly needed in MCI and AD, but until then patients and caregivers can be encouraged to follow the Mediterranean diet.
Evidence shows that the BMI decreases prior to AD onset and remains stable or increases afterwards. 51 Reasons for weight loss in the preclinical stage of AD comprise pathological changes in brain areas that regulate weight, disruption in hormone and neuropeptide levels, apathy, reduced olfaction, eating difficulty, and inadequate nutrition due to cognitive impairment itself. Conversely, it is possible that weight loss might also be a potential risk factor for developing AD, via, for example, a deficiency of biologically important micronutrients and antioxidative compounds. Body weight changes before and after dementia diagnosis highlight the importance of acknowledging the full interplay between nutrition and cognitive function; in fact, nutrition is just one of many potentially modifiable determinants of future cognitive decline.
Indeed, recently, interest in more holistic approaches has increased; multidomain interventions attempt to impact many lifestyle aspects that have been hypothesized to benefit cognition. Such interventions encompass not only nutritional guidance for a healthy diet, but also coaching on modification of other important factors (eg, physical activity), cognitive training, and control of cardiovascular risk. Some of the large multidomain interventions (preDIVA, 52 MAPT,
53
and FINGER
54
) may have included some subjects who could be categorized into MCI; nevertheless, they mostly focused on prevention, which is out of scope for this manuscript. In the future such approaches in patients with MCI or dementia may yield significant results.
As single nutrients may not be potent enough to produce statistically and-more importantly-clinically significant benefits, perhaps future research should steer toward multi-nutrient, whole-diet, and multidomain interventions in even larger, homogeneous, community-dwelling samples with as early disease stages as possible; strict diagnostic criteria, sufficient follow-up, and consensus on the use of specific functional outcomes could enhance comparison of different trials and improve our understanding on the role of diet as a treatment option for cognitive impairment. Recent technological breakthroughs might become invaluable aids to such research, as sensors on portable hand-held/wearable devices and social media-embedded applications could assist in recording dietary habits and even collection of biomarkers. Innovative techniques, such as metabolomics and cerebrospinal fluid neurobiology, or investigation of novel aspects of As single nutrients may not be potent enough to produce clinically significant benefits, perhaps future research should steer toward multi-nutrient, whole-diet and multidomain interventions
